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Timber is one of the oldest building materials used by mankind, and its environmental and 
sustainable credentials are certainly more persuasive than those of concrete or brick. One only 
has to survey the historic building stock in the UK to see that, with good design, timber framed 
structures can last for many hundreds of years.  However, when degradation sets in, the majority 
of the existing historic UK timber framed buildings receive repairs that are either resin assisted, 
screwed, or bolted.  This is frequently required at beam ends, where the timber has traditionally 
been interfacing with a moisture absorbent and retaining material, such as brick, which focuses 
and exacerbates degradation processes. 
 
On the other hand, with the advent of engineered timber, such as laminated veneered lumber 
(LVL), cross laminated timber (CLT) and other glued laminated (Glulam) timbers, timber is 
experiencing a resurgence in usage.  These large ‘slabs’ of timber, used for both walls and floors, 
are predominately connected with metal brackets and screwed or nailed fixings [2].  The height of 
the multi storey high rise timber framed building is getting ever taller and the associated design 
codes are being tested, especially as new techniques and fixings come in to the commercial 
market place: currently,  Brock Commons (a student accommodation block at The University of 
British Columbia) is the tallest timber building, reaching 17 streys in height.  
 
One of the established options in timber building design, in Euro Code 5 [3] (p20), is to protect 
the structural timber from fire with the addition of a protective layer, such as gypsum 
plasterboard. This protective layer delays the exposure of the timber surface and increases the 
escape time for the compartment under consideration, via allowing the timber to effectively retain 
its required design strength for longer, rather than beginning the charring process at the onset of 
the fire. In accordance with BS EN 1995-1-2:2004 [3] (p28), the penetration length (la) of 
fasteners into uncharred timber should be at least 10 mm, but this does not seem to account for 
the heat transferred in to the timber via the fixing itself.  It is recognised that such cladding layers 
may be subject to falling off during the fire, subjecting the timber below to the fire.  In the context 
of historic building preservation and refurbishment, it Is also worth noting the comment of Kaplan 
[4] that historic preservation projects that include code and fire safety related improvements often 
overlook the essential initial steps of evaluating risks and of considering the physical impact of 
fire safety improvements as a function of building significance.  
 
There is a lack of understanding with regard to both localised heat penetration in to the wood 
substrate, and the impact of this localised charring around the fixings on the resistance to ‘pull 
out’ of both nailed and screwed fixings.  The issues that galvanised (zinc based) coated fixings 
may have with the degradation of the coating possible at temperatures below the potential 
ignition temperatures of the wood is also of interest.  
 
The current study investigates the changes in the timber chemistry, with a particular focus on the 
char and pyrolysis base layers, using X-ray photoelectron spectroscopy to offer an insight into 
the interactions between fixings and timber in order to develop a model for the fire-based 
damage of timber and the effects of fixings on this. 
 
The study was initiated when both screws and nails, 6 of each, were heated using a 450o C 
source in 30 second incremental steps to understand what, if any, degradation was occurring to 
the timber at the timber to fixing interface, see figure 1. When the samples were viewed using 
microscopy, see figure 2, heat damage to the timber substrate fibres could be seen, from the 
heat transfer from the fixings. Figure 2 showing the fibres reduced to carbon, revealing the ‘oil 
like’ colouration. 
 
 
 
 
 
 
Figure 1- Initial test – heating screw fixing heads, with a 450o C heat source, in 6 incremental 30 second step tests 
 
 
`  
Figure 2- Degradation of timber fibres due to heat – the colouration showing the wood has turned to carbon  
 
Tim Belden is in the initial stages of research for a PhD, which focuses on the degradation of the timber to 
resin bond interface of engineered and repaired timbers and the implications of this on structural failure.  
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